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Objective: The use of helical computed tomography is well established in the
evaluation of the thoracic aorta. Nevertheless, normal diameters and their changes
during adult life according to this method are not available. We planned to set up
normal diameters for the thoracic aorta of adults obtained by helical computed
tomography.
Methods: Seventy adults, 17 to 89 years old, without any signs of cardiovascular
disease were investigated with helical computed tomography. Aortic diameters were
measured at seven predefined thoracic levels.
Results: Aortic diameters (mean  SD) were 2.98  0.46 cm at the aortic valve
sinus, 3.09  0.41 cm at the ascending aorta, 2.94  0.42 cm proximal to the
innominate artery, 2.77  0.37 cm at the proximal transverse arch, 2.61  0.41 cm
at the distal transverse arch, 2.47  0.40 cm at the isthmus, and 2.43  0.35 cm at
the diaphragm. Men had slightly longer diameters than did women. All diameters
increased with age. There was no influence of weight, height, or body surface area.
After normalization to the diameter at diaphragmatic level, no statistically signifi-
cantly influential factor could be detected.
Conclusions: This study delineates normal intrathoracic aortic diameters for helical
computed tomography, including relationships with sex and age. Pathologic dimen-
sions of the aorta should preferably be provided as percentiles or z scores.
After the introduction of helical computed tomography (CT) in thelate 1980s, imaging of the aorta soon became a routine procedurefor evaluation of the aorta in patients with aortic dissection,stenosis, or aneurysm formation.1,2 Furthermore, such imaginghas increasingly been used for the assessment of aortic involve-ment in adult patients with connective tissue disease or congenital
aortic diseases such as coarctation3-8 to quantify an additional hypoplastic aortic
arch or a dilated ascending aorta. However, there are no reference data regarding
thoracic aortic diameters according to helical CT to help characterize the physio-
logic range of aortic dimensions. This is regrettable, because the development of
new imaging modalities makes setting up reference data essential, and helical CT
provides excellent accuracy and reproducibility.
In the absence of reference data, it has often been suggested that diameter ratios
normalized to those of the ascending aorta or the descending aorta at the diaphrag-
matic level be used for the definition of aortic stenosis or dilatation.3,9 This strategy
is subject to discussion, however, because the aorta may show pathologic diameters
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at the chosen reference levels and because these ratios vary
with age, even in adults.10,11 This study was designed to
define reference values obtained by helical CT for the
normal thoracic aorta in adults and to analyze their relation-
ship with sex, age, weight, height, and body surface area.
Material and Methods
Patients
Aortic diameters were prospectively measured in 70 consecutive
adults who underwent a thoracic helical CT study for various
noncardiovascular reasons. Patients with signs of cardiovascular
disease were excluded. Demographic data are shown in Table 1.
Measurements
Aortic diameters were measured at seven intrathoracic levels:
aortic valve sinus, ascending aorta at its maximum size, aorta just
proximal the right innominate artery, proximal transverse aortic
arch, distal transverse aortic arch, aortic isthmus, and aorta at the
level of the diaphragmatic wall of the left ventricle (Figure 1).
Relative aortic diameters—normalized to the diaphragmatic
level—were calculated by dividing a given aortic diameter by the
aortic diameter at the diaphragmatic level.
Image Acquisition
Helical CT scans were performed on a Somatom Plus (Siemens
AG, Medical Engineering, Forchheim, Germany). Contrast scans
were acquired after an antecubital intravenous injection of 80 to
100 mL of a nonionic contrast medium (Ultravist 300; Schering
AG, Berlin, Germany) containing 300-mg/mL iodine. The injec-
tion rate was 1.5 to 3 mL/s. The helical CT scan was performed
with a delay of 20 to 25 seconds after starting the injection.
The scan of the entire thorax was performed during a single
held breath. The tube detector unit was rotating continuously at 1
to 1.3 rotations per second. Slice collimation was 5 mm, table
speed was 8 to 10 mm/s in the caudocranial direction, and total
scanning time was 25 to 30 seconds for the total longitudinal
coverage from the sinus up to the apex of the pleural cavity.
Image Analysis
Reconstruction was achieved every 4 mm with the 180° linear
interpolation algorithm. Multiplanar reconstruction was generated
on a Magic View workstation (Siemens Medical Systems, Erlan-
gen, Germany). The slices were manually adjusted for each aortic
level to get an oblique plane strictly perpendicular to the course of
the aorta. The internal diameter of the vessel was measured with an
electronic caliper in three different directions. The arithmetic mean
of those three estimates was used for further calculations. All
images were reconstructed and analyzed by an experienced ob-
server (U.R.-B., S.B., T.B.).
Statistical Analysis
Measurements were stored in a database and exported to a statis-
tical software package (StatView; SAS Institute, Inc, Cary, NC;
SPSS; SPSS Inc, Chicago, Ill) for analysis. Normal distribution of
TABLE 1. Demographic data of patients
Female Male Total
No. 24 46 70
Age (y)
Mean  SD 49.6 19.1 50.5 15.2 50.2 16.5
Range 17-89 19-77 17-89
Weight (kg)
Mean  SD 64.3 14.9 77.6 14.2 73.1 15.7
Range 41-104 46-106 41-106
Height (cm)
Mean  SD 165.9 6.6 175.8 7.3 172.4 8.2
Range 150-179 159-199 150-199
Body surface area (m2)
Mean  SD 1.70 0.19 1.93 0.19 1.85 0.22
Range 1.33-2.15 1.62-2.43 1.33-2.43
Figure 1. Levels of measured aortic diameters: 1, Aortic valve
sinus; 2, ascending aorta; 3, aorta proximal to innominate artery;
4, proximal transverse aortic arch; 5, distal transverse aortic arch;
6, aortic isthmus; 7, descending aorta at level of diaphragmatic
wall of left ventricle.
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the diameters was assumed. To analyze the changes of the diam-
eters along the course of the aorta, paired t tests of neighboring
diameters were used. Analysis of variance was performed to test
for the influences on the aortic diameters of sex, age, weight,
height, and body surface area. Variables that showed an influence
were analyzed in detail with 2-sided t tests, additional analyses of
variance, or multiple regression analysis.
Results
Mean aortic diameters and their SD band (mean  2 SD),
representing a 95% reference area, are shown in Figure 2.
Aortic diameter increased significantly from the aortic valve
sinus to the ascending aorta and decreased continuously to
the isthmus. The difference between the diameters at the
isthmic and diaphragmatic levels failed to be significant.
Analysis of variance revealed no influence of weight,
height, or body surface area, but it did reveal influences of
sex and age. The detailed analysis showed that the influence
of sex reached significance only for the ascending aorta, the
distal transverse arch, and the diaphragmatic level (Table 2).
Age as an influence was also analyzed in detail by
regression analysis (Table 3). There was a significant in-
crease of the aortic diameters at all intrathoracic levels
throughout adult life. Diameters of the aorta according to
age are plotted in Figure 3.
The aortic ratios normalized to the diameters at the
diaphragmatic level are shown in Figure 4. Analysis of
variance revealed no significant influence of any of the
investigated factors.
Discussion
The aorta is a complex vascular structure with many differ-
ent functions varying along its course. The thoracic aorta
provides compliance with elastic recoil to maintain blood
pressure and antegrade blood flow throughout diastole. The
more distal abdominal aorta functions mainly as a conduit.
The varying functions are reflected in the histologic struc-
ture of the aorta. The elastin/collagen ratio is highest in the
thoracic part and decreases distally. With age, the aortic
wall structure changes. Elastin fragmentation, fibrosis, and
media necrosis occur in the aorta as signs of aging.12 Fur-
thermore, various diseases alter aortic structure and func-
tion13-15 and may cause obstruction or dilatation of the aorta.
Both obstruction and dilatation may be circumscript, seg-
mental, or spread throughout the entire aorta.
Different methods have been used to assess and follow
up such structural changes. Management decisions often
depend strongly on the comparison of measured aortic di-
ameters with normal values. Especially for the definition
and classification of structural abnormalities, such as aneu-
rysm, aortomegaly, ectasia, stenosis, coarctation, and hyp-
oplasia, the knowledge of normal aortic diameters at differ-
ent levels is essential. Reference values have to be built up
for each method.16 With a standard method such as helical
CT, one should not use normal values obtained from such
other techniques as echocardiography, magnetic resonance
imaging, angiography, or even postmortem studies, al-
though differences in measurement should be small and
confined to fundamental differences in image analysis or
acquisition. We therefore present nomograms for aortic
dimensions at various intrathoracic levels in healthy adults
according to helical CT data (Figure 2).
Comparison of the presented helical CT data with data
from such other imaging methods as echocardiography,
angiography, conventional axial CT, and magnetic reso-
Figure 2. Mean aortic diameters at various levels measured by helical CT in 70 adults. Thin lines represent  2
SD, representing 95% reference area.
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nance imaging is difficult, because these data are sparse and
sometimes only focus on specific segments of the aorta.
Transthoracic echocardiography in adults is mostly re-
stricted to the aortic root for technical reasons. Reference
values exist only for children and young adults.17-20 Re-
ported aortic diameters of adolescents are smaller than those
presented in our study. This difference could be due to the
younger age of the investigated population.
Transesophageal echocardiography is the method of
choice to visualize the ascending and descending thoracic
aorta in patients with aortic dissection or after thoracic
trauma,2 whereas the transesophageal assessment of the
aortic arch is limited. Nevertheless, comprehensive trans-
esophageal echocardiographic data regarding the size of the
normal thoracic aorta are still lacking.
In some institutions angiography is still considered the
criterion standard for visualization of the aorta. Although
Clarkson and associates10 set up normal values for all levels
of the intrathoracic aorta in children 6 years and younger,
normal angiographic values for adults are still absent.
For years, conventional axial CT was also used to visu-
alize the thoracic aorta. Because only axial planes are avail-
able, however, the diameter of the aortic arch and some-
times that of the ascending aorta are difficult to measure
correctly. Therefore only reference diameters for the as-
cending and descending aorta exist.11 The published values
for the ascending and more cranial descending aorta are
higher than in our series, with only the values at the dia-
phragmatic level similar to our results. This overestimates
the ascending aorta by as much as 6 mm, or 21%. The
reason is probably that measurements were only taken in the
axial plane, not strictly perpendicular to the aortic wall.
In the last years magnetic resonance imaging has been
used increasingly for the follow-up of patients with chronic
aortic disease.21-23 However, no normal values for aortic
dimensions in adults are available for this method either.
In this study we showed that in adults aortic diameters
vary with age and sex but are independent of weight, height,
and body surface area. Sex has only a weak influence, with
mean values for women and men differing no more than 3.2
mm at any level, which is minimal compared to normal
variation (within 1 SD).
Concerning the influence of age, this study confirms data
available from conventional CT. This study matches with
the study of Aronberg and associates,11 which showed that
aortic diameters increase about 1 mm per decade during
adulthood. For the abdominal aorta, Pearce and colleagues24
discussed a multifactorial pathophysiologic picture. The
most important factors are plaque formation and elastin
fragmentation by elastolytic enzymes without elastin forma-
tion, which ceases after the first few years of life. For the
increasing diameters in the thoracic aorta, the elastic com-
ponents might be more pronounced than in the abdominal
aorta.
TABLE 2. Aortic diameters at various thoracic levels in adults measured with helical CT
Aortic level
Female
(n  24)
Male
(n  46)
Total
(n  70) P value
Aortic valve sinus 2.88 0.38 3.04 0.50 2.98 0.46 .196
Ascending aorta (maximum) 2.90 0.34 3.20 0.42 3.09 0.41 .004
Proximal to innominate artery 2.82 0.36 3.00 0.44 2.94 0.42 .095
Proximal transverse arch 2.65 0.27 2.84 0.40 2.77 0.37 .044
Distal transverse arch 2.40 0.29 2.72 0.43 2.61 0.41 .001
Aortic isthmus 2.32 0.36 2.55 0.39 2.47 0.40 .016
Diaphragm 2.27 0.31 2.51 0.34 2.43 0.35 .005
Measurements are expressed as mean  SD in centimeters.
TABLE 3. Regression analysis of the influence of age on aortic diameters at various thoracic levels in 70 adults measured
with helical CT
Aortic level
Slope
(cm/y)
Intercept
(cm) r r 2 P value
Aortic valve sinus 0.0124 2.36 0.443 0.196 .001
Ascending aorta (maximum) 0.0153 2.32 0.612 0.375 .001
Proximal to innominate artery 0.0136 2.26 0.536 0.287 .001
Proximal transverse arch 0.0117 2.19 0.524 0.274 .001
Distal transverse arch 0.0118 2.02 0.474 0.224 .001
Aortic isthmus 0.0078 2.08 0.327 0.106 .006
Diaphragm 0.0124 1.80 0.590 0.348 .001
Slope describes the increase during adulthood.
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Any influence of anthropometric data on aortic diameters
was not apparent in this series. This is consistent with other
studies, which similarly did not show any influence of
height, weight, or body surface area on aortic dimensions in
adults when these data were adjusted for age and sex.11,18
Only studies that included children used diameters adjusted
for body surface area, never proving whether that is appro-
priate in adults.
Figure 3. Age-related means and 95% reference bands of internal diameter (in centimeters) of thoracic aorta at
various levels, derived from helical CT measurements in 70 adults 17-89 years old. Open circles represent women;
closed circles represent men.
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In view of the lack of normal values, it has been sug-
gested that the ratio of a given aortic diameter to that at a
reference level be used to define stenosis or dilatation.9
Either the ascending aorta or the aorta at diaphragmatic
level was selected as the reference level. This is question-
able, however, because the aortic root is often subject to
pathologic changes, not only in patients with connective
tissue disease but even in patients with bicuspid aortic
valve,25 aortic stenosis, or atherosclerosis. In our opinion, it
is therefore more appropriate to choose the diaphragmatic
level as the reference level, because aneurysms and hyp-
oplasia are rarely found there. Figure 4 shows those ratios
that are independent of age, sex, weight, height, and body
surface area in our adult study population. Therefore this
approach seems to be ideal as long as the aorta at the
diaphragmatic level is free of pathologic changes.
On the basis of these data, stenosis and dilatation of
longer aortic segments, such as vessel hypoplasia, strictures,
and aortomegaly, should be defined as a deviation of more
than 2 SD from the normal value. Localized aneurysm
should continue to be defined as a greater than 50% differ-
ence from the diameter of the adhering normal vessel,16 and
discrete stenosis such as coarctation should be defined as a
greater than 60% reduction in the diameter that Clatworthy
and colleagues26 demonstrated to be hemodynamically sig-
nificant.
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